Two studies examined the information that defines a threatening facial display. The first study identified those facial characteristics that distinguish between representations of threatening and nonthreatening facial displays. Masks that presented either threatening or nonthreatening facial displays were obtained from a number of non-Western cultures and scored for the presence of those facial features that discriminated between such displays in the drawings of two American samples. Threatening masks contained a significantly higher number of these characteristics across all cultures examined. The second study determined whether the information provided by the facial display might be more primary nonrepresentational visual patterns than facial features with obvious denotative meaning (e.g., diagonal lines rather than downturned eyebrows). The subjective response to sets of diagonal, angular, and curvilinear visual stimuli revealed that the nonrepresentational features of angularity and diagonality in the visual stimulus appeared to have the ability to evoke the subjective responses that convey the meaning of threat.
Two studies examined the information that defines a threatening facial display. The first study identified those facial characteristics that distinguish between representations of threatening and nonthreatening facial displays. Masks that presented either threatening or nonthreatening facial displays were obtained from a number of non-Western cultures and scored for the presence of those facial features that discriminated between such displays in the drawings of two American samples. Threatening masks contained a significantly higher number of these characteristics across all cultures examined. The second study determined whether the information provided by the facial display might be more primary nonrepresentational visual patterns than facial features with obvious denotative meaning (e.g., diagonal lines rather than downturned eyebrows). The subjective response to sets of diagonal, angular, and curvilinear visual stimuli revealed that the nonrepresentational features of angularity and diagonality in the visual stimulus appeared to have the ability to evoke the subjective responses that convey the meaning of threat.
A century-long debate was stimulated by Darwin's (1872) intriguing speculation that emotional expression in human beings, as in other animal species, might rest upon a common neuromuscular foundation. One line of reasoning (e.g., Birdwhistell, 1963; Klineberg, 1938; LaBarre, 1947) , primarily based on anthropological evidence covering a wide array of human activity, has maintained that emotion is expressed through highly variable behaviors, cross-culturally, and so is best understood as the result of a culture-specific cognitive labeling process. Following more closely Darwin's interest in the stimulus configurations generated by facial displays, a second line of reasoning (Ekman, 1971 (Ekman, ,1982 Izard, 1971 Izard, , 1977 among others) has provided impressive support for the position that speciescharacteristic features underlie facial displays of emotion. Typically, in this work, photographs of individuals experiencing (or actors simulating) a set of emotions are shown to members of different cultural groups who are then asked to identify the emotion displayed. These studies have shown that a wide range of emotional representations can be discriminated correctly (Ekman, 1971; Izard, 1971) , with the results from less Western cultures parallel to those obtained from more Western cultures.
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Correspondence concerning this article should be addressed to Joel Aronoif, Department of Psychology, Michigan State University, East Lansing, Michigan 48824-1117. nient tools designed to measure the appearance or nonappearance of an emotion. Rather, such coding systems describe in great detail the precise movements of the facial musculature on which such displays are based. Following these developments, Ekman (1982) argued the need for studies of the specific stimuli, which he termed sign vehicles, in the facial displays that underlie the more global categories of emotional expression (e.g., joy, anger). Such attention to the physical basis of an emotional display makes it possible to identify the species characteristics that supply the meaning of the emotion to the observer of that facial display.
This article presents the results of two studies designed to explore the information in a facial display that permits observers to recognize that an angry emotion is being experienced by another person. For the person who is observed, the private experience of anger frequently assumes behavioral expression in the form of a facial display that is understood to be threatening to the observer (Plutchik, 1984; Redican, 1982) . In the two studies reported, we chose for investigation the stimulus configuration that constitutes the display of threat, as we expected that if any display had a biologically based affective response it would be the configuration that helps one organism recognize that it faces danger from another. The first study used a new approach to obtain evidence that the expression of anger is conveyed by individuals in many non-Western cultures through a common set of facial components. The second study sought to determine more precisely the nature of the information present in the human face that leads to the observer's recognition of that threatening display.
Research on the recognition of emotional displays, which typically includes a photograph of an individual experiencing the emotion of anger, demonstrates that the global facial display of anger can be recognized quite accurately across cultures. On the basis of these results, the method used to study the process through which an emotion is recognized (reviewed by Ekman, Friesen, & Ellsworth, 1982b) customarily compares the recognition accuracy of observers who have been presented with different parts of such a photograph. The ethologisf s (cf. EiblEibesfeldt, 1970 ) use of models to isolate the visual stimuli that convey information to an observing organism suggests another approach to this task. For example, through the use of models such researchers are able to vary different aspects of body shape in order to identify more exactly the information through which an animal is able to recognize a predator. Similarly, it is possible to construct models derived from different aspects of the human facial display in order to isolate those features of the display that provide emotionally relevant information to human observers.
In considering which parts of the facial display might be most informative, it seems likely that the stimuli that permit an emotion to be recognized by an observer may be a much smaller subset of the complex information provided by the facial activity associated with an emotion. Indeed, it is possible that it is the spatial orientation of the facial feature that is recognized as threatening rather than the additional information provided by a specific part of the face undergoing a specific movement. To examine this hypothesis, the second study sought to isolate potentially more basic forms within the broad array of information provided by the threatening facial features identified in the first study in order to determine if the meaningful attributes that humans recognize in threatening facial displays, such as downturned eyebrows, are the properties of diagonality and angularity in the visual configuration. 
Method
Threat characteristics scale. To identify facial characteristics that convey threat in plastic representations, 83 male and female students at two universities in the United States were asked to "imagine that you are a New Guinea headhunter and you are about to go off on an expedition. Please draw the mask that you want to wear on this expedition in order to frighten your victims into surrender." After these drawings were collected, students were asked to imagine that they were members of the same group "about to go off to the courtship ritual dance. Please draw the mask that you want to wear in order to win the heart of your beloved." The features selected for the Threat Characteristics scale were either those features (see characteristics 6, 7, 8, 10-12, and 15-17 in Table 1 ) that characterized anger in photographs and descriptions of angry facial movements in past research (e.g., Ekman & Friesen, 1978; Izard, 1971) , or those elements (remaining characteristics in Table 1 ) that appeared to be artistic representations of such shapes (e.g., eyes oriented diagonally down and in toward the nose appear to be the visual equivalents of eyebrows drawn in such an orientation). Coders scored the subjects' drawings for the presence of each of these characteristics, and the total number of these elements was taken to be an index of the amount of threat present in a drawing. As expected from the two arousal instructions, drawings in which subjects attempted to frighten their victims contained significantly higher levels of these characteristics than did drawings in which subjects attempted to succeed at courtship, with mean threat scores of 6.49 and 2.54, respectively, F(i, 79) -196.51, jx.OOl.
Data collection. Masks of known threatening or nonthreatening social function were obtained from museum and bibliographic sources. To ensure the independence of cultural samples (Galton's problem; Naroll, 1976) , masks were obtained from widely diverse cultures. The number of masks of each type from each culture is presented in Table  2 . The American sample was composed of drawings obtained from a This document is copyrighted by the American Psychological Association or one of its allied publishers.
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third sample of 47 male and female undergraduates, using the same instructions as described earlier, and was included to demonstrate the comparability in forms of emotional expression between a random sample of American undergraduates and primitive artists in many nonWestern societies. The following criteria were used to select masks for a particular sample: 1. A society was included if it traditionally used masks in important social functions.
2. A society was included if ethnological reports of the social function of the masks were detailed enough to allow a judgment to be made as to whether a particular mask was used in either a frightening manner (e.g., an angry spirit) or in a more neutral way (e.g., a portrait). Ethnographic reports were examined to determine the social functions of the masks so that they could be classified as threatening or nonthreatening. For example, the labels powerful deity or death mask were not clear indicators of threat; therefore, such masks were not included.
3. Masks characterizing the aged were eliminated because facial wrinkles confounded the scoring of threatening signs.
4. Masks selected were limited to those made of wood in order to generate cross-cultural samples of masks using the same materials.
1 Wooden masks could be painted and adorned in various ways. Masks made of stone, brass, barkcloth. or rattan basketry were not included because these materials were not used in all cultures.
5. Once these criteria were satisfied, a culture had to provide at least 10 threatening and 10 nonthreatening masks to be included in the study. Since it proved difficult to find this number of masks for all the societies initially selected for inclusion, a final mixed sample of masks was assembled from all qualifying individual masks that came from societies not reaching the criterion of 10 masks of each type.
Scoring procedure. Photographic slides of the masks were made and coded to conceal knowledge of their social function. For each culture, the slides were assembled into a random order 2 and two trained raters, working independently, projected the slides, from one culture at a time, onto a screen. They coded the threatening content of each mask by awarding one point for each threatening sign appearing on it. The total number of threatening signs was taken to be the index of the amount of threat present in each mask. 
Results
Interrater reliability. Interrater reliability for each sample was found to be satisfactory (rs ranged from .74 to .97, with a mean of .87). Although adequate, the lowest levels were found in the Kwakiutl (r = .74) and the mixed samples (r = .79). These results probably reflect a more difficult coding task caused by the greater complexity in the style of the Kwakiutl sample and the diversity in style of the mixed sample. For each mask, the mean of both raters' scores was used in the tests of the hypothesis.
Tests of the hypothesis. The hypothesis that socially denned threatening masks would contain more threatening stimuli than would socially denned nonthreatening masks was analyzed in a 2 X 8 (Type of Facial Display X Cultures) analysis of variance (ANOVA). As predicted, there was a highly significant main effect for type of display, F(\, 285) = 216.36, p < .001. Table 3 presents the mean threat scores by culture; as shown, means of the threatening samples ranged from 4.43 to 6.80, whereas means of the nonthreatening samples ranged from 1.48 to 3.50. Moreover, individual comparisons for each culture yielded a highly significant difference in every case. This hypothesis also was examined separately for the American sample, in order to isolate the culture from which the Threat scale was derived. As Table 3 indicates, a similarly strong effect for type of display occurred for this sample as well.
Although differences in total frequency of these stimuli are important, the feature of this study that is of most interest is the ability of each of these stimuli to discriminate between threatening and nonthreatening displays. To examine this effect, the frequency with which each characteristic appeared was tabulated for each type of mask, and this difference was examined with the chi-square test. The results of this examination, presented in Table 4 This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. between the two forms of facial display, with all but the comparison for a pointed chin in the predicted direction.
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Discussion
The approach used in Study 1 was based on past research that has shown that the expression of anger is based on the neuromuscular movements of the human face. The results of this study, using a Threat Characteristics scale derived from drawings by American college students, showed that artists across a diversity of cultures express, and their audiences recognize, threat in a similar fashion. In testing this hypothesis, results indicated that, across cultures, masks designed to be threatening representations contained significantly greater numbers of the same threatening facial stimuli than did nonthreatening representations. Individual examination of each stimulus showed that 18 of the 19 features were present to a substantially greater degree in the threatening representations. The pancultural character of the stimulus presentations used in the communication of threat suggests that the identification of an emotional display rests on a biological foundation in the neuromuscular system, at least for the emotional display perceived as threatening.
Of even greater interest is the fact that closer inspection of the sign vehicles that discriminate between threatening and nonthreatening displays suggests that they may produce their effects through a basic configural feature that they hold in common: the geometrical pattern of diagonality and angularity. Although a number of these sign vehicles are direct representations of the change in the facial musculature associated with the expression of that emotion (e.g., eyebrows drawn together in a downward direction), other characteristics (e.g., pointed beards or ears) clearly are not an accurate representation of a momentary change in the face associated with an angry emotion or even a possible shape of a human facial feature. The number of parallel results presented in Table 4 , derived from the changes in configuration of both human facial features and their visual (although not naturally appearing) equivalents, raises the question of whether there may be a more parsimonious way to examine the representation of threat. This study's results suggest that not only is a set of major facial signs apparently associated with anger across many non-Western cultures but also that at least some of the subjective meaning of threat may derive from basic schematic visual patterns embedded in these features. To address this hypothesis, a pilot study examined whether the configuration of threatening facial features uses the properties of angularity and diagonality and Study 2 examined the hypothesis that the features of angularity and diagonality are an important vehicle through which subjective meaning in a visual display is conveyed to the observer.
Pilot Study: Angularity and Diagonality in Threatening Displays
The drawings supplied by the two scale-construction samples allowed us to investigate the hypothesis that representations of threatening facial features use angular and diagonal patterns. In these drawings, such patterns are conveyed primarily by triangular forms and diagonal lines. Therefore, we expected threatening drawings to contain more triangles and diagonal lines than nonthreatening drawings. Two separate analyses were made of these drawings. After coders scored each drawing for the presence of threat characteristics, they counted the number of triangles used in constructing the features of the face. Thus, for example, a triangular nose, tooth, or ear counted as the presence of a triangle in the drawing. Following this tally, coders counted the number of diagonal lines used in constructing facial features, with the restriction that the diagonal lines not be part of a triangle or the representation of the hair. These constraints were imposed to avoid a duplicate count of the diagonal lines used to construct triangles and to avoid an overrepresentation of the many diagonal lines frequently used to portray the hair.
As noted earlier, 83 male and female undergraduate volun- Note. All scales were constituted so that larger values reflect higher levels of evaluation, potency, and activity.
teers from two universities provided the drawings in response to the requests described in the Study 1 Method section. As expected, there was a significant difference in the ways in which these subjects used triangular and diagonal forms. The mean number of triangles used in the threatening drawings was 6.61 as compared with a mean of 1.68 triangles used in the nonthreatening drawings, jp(l, 79) = 25.58, p < .001. The mean number of diagonal lines used in the threatening drawings was 13.10 as compared with a mean of 5.58 diagonal lines used in thenonthreateningdrawings,F(l, 79) = 20.39,p< .001. Thus, the results of this pilot study indicate that triangular and diagonal forms are used to a significantly greater degree in the more threatening representation, and may constitute the significant information that conveys the meaning of threat in a facial display.
Study 2: The Subjective Meaning of Diagonality and Angularity
Physical features related to these visual configurations have drawn considerable attention since Lorenz (1943) suggested that the physical characteristics of babies may release caretaking behavior in adult observers. Lorenz's hypothesis led Fitzgerald (1978, 1979) , among others (reviewed by Berry & McArthur, 1985) , to carefully examine the physiognomic properties of infant human beings that elicit in observers the subjective response of attraction; that is, these studies examined the facial configurations of infants that lead them to be perceived as more or less cute. Moreover, within a broad evolutionary perspective, McArthur (1985, 1986) have shown that the physical features of an infant (his or her babyishness) evoke protective attraction responses (such as feelings of warmth or kindness) in the observer. Similarly, Cunningham (1986) found that males perceive female faces with many of these same features to be more attractive. Babyishness and cuteness in infants and facial attractiveness in young women all avoid sharp angles in preference to more curvilinear forms. Furthermore, Franck and Rosen (1949) , Golde and Kraemer (1973) , Harkey (1982) , and Munroe, Munroe, and Lansky (1976) provide evidence that angular and curvilinear properties of visual patterns are associated with masculinity or femininity, respectively. As Study 1's results appear to demonstrate that threat is associated with diagonal lines and acute angles, it is intriguing to consider that all of these studies-using highly dissimilar visual materials-support the same inference: emotional responses are evoked by angular, diagonal, and curvilinear visual features of a stimulus display. In light of this converging pattern of evidence, we hypothesized that diagonal lines and acute angles would elicit the subjective emotional responses associated with threat in comparison with the more positive subjective emotional responses evoked by curved or straight lines.
Method
Subjects. Two hundred male and female undergraduates volunteered to participate in the study for extra credit in an introductory psychology class.
Stimulus materials. Ten features common to the threatening displays were selected for examination from Study 1's results. These elements were visual patterns without obvious denotative meaning (e.g., two right triangles). For each stimulus, a control pattern-matched for locus on the face and complexity of pattern-was selected from features common to the nonthreatening displays. Figure 1 presents the 10 matched pairs. These patterns examine diagonal, angular, and curvilinear features in a variety of ways. In some cases (e.g., Pair I), there is a comparison between a pair of right triangles and a pair of horizontal ovals. In other cases (e.g., Pains 5 & 10), there are direct comparisons between the same shapes oriented diagonally or horizontally. Pair 6 compares the threatening shape with its absence (which was in this case a large curved line). In a test of the effect of uneven lines on the forehead, Pair 9 examines whether several rows of multiple diagonal lines in the upper area of a visual field might convey similar subjective responses. Finally, two of these comparisons (Pairs 7 & 8) were chosen to obtain information on different aspects of disarranged hair. Although there are many aspects of diagonality and angularity in the way that hair is represented, it seemed appropriate to explore separately the effects of many such lines extending upward from the top of a figure.
Response scales. Twenty adjective pairs (presented in Table 5 ) were selected from Anderson's (1968) list to reflect the traditional dimensions of evaluation, potency, and activity (Osgood, Suci, & Tannenbaum, 1957) . These word pairs were arranged as 7-point semantic differential scales.
Stimulus presentation. Each of the 20 stimuli were reproduced at the top of a separate page of a 20-page stimulus booklet. The 20 semantic differential scales were arranged on each page immediately below the stimulus display. Booklets were constructed by randomly assembling these 20 pages such that each subject was exposed to a unique sequential order of this material.
Design. Three independent variables were examined within the Note. All scales were constituted so that larger values reflect higher levels of evaluation, potency, and activity.
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. framework of a mixed factorial design. Threat level of the stimulus display (high-low) and specific stimulus pair (1 of 10 pairs) were withinsubject variables, whereas sex of respondent was a between-subject variable.
Procedure. Subjects were assembled in approximately 20-person aggregates and asked to respond individually to the stimulus materials. Sessions took place in a large room so that subjects could respond privately to the booklet. They were asked to examine the stimulus display at the top of a page and to note their reaction to the display by responding to the 20 scales. Subjects then proceeded through the booklet, responding to each stimulus in the order in which it was presented. This task typically took about 30 min to perform.
Results
Preliminary data reduction. To reduce the number of inferential tests that needed to be performed, the data set was first reduced via factor analysis. In this procedure, a subject's mean score (across stimulus displays) for each semantic differential scale was calculated. These composite scale scores then were factor-analyzed. Three factors with eigenvalues greater than 1.0 emerged, accounting for 64% of the variance. The adjective pairs that loaded substantially (>.44) on a factor were averaged to form composite scales. Table 5 , which presents these groupings, indicates that these factors reproduced the traditional dimensions of evaluation, potency, and activity.
Tests of the hypothesis. Threat Level X Stimulus Pair X Subject's Sex ANOVAS were performed on the composite scales. As predicted, for all three scales there was a highly significant main effect for threat level, F(l, 198) = 422.07, 304.44, 185.79, p < .0005, for evaluation, potency, and activity, respectively. Table   6 , which presents the relevant means corrected for scale length, indicates that, as expected, the hypothesized threatening displays were perceived as significantly less positive and as significantly more potent and active than were the nonthreatening counterparts.
In addition, for all three scales, the Threat Level X Stimulus Pair interaction also was significant, Fs (9, 1,782) = 44.19, 25.51, 21 .25, p < .0005, for evaluation, potency, and activity, respectively. These effects reflect the fact that not all of the 10 stimulus pairs yielded significant differences. Table 7 presents the means and simple effects tests that underlie these results. Note that on nearly all possible comparisons, across all scales, the hypothesized difference in the subjective response to a threatening versus nonthreatening pattern has been found. This result seems most powerful, however, when a straight line presented diagonally or angularly is compared with a curvilinear pattern oriented along the major axes (e.g., Pairs 2, 3, & 4 in Figure 1 ).
The patterns that explored the stimuli that may underlie disarranged hair showed somewhat lesser effects. For Pair 7 this result is likely due to the powerful curved line in both patterns, irrespective of whether the diagonal lines extended up or down. Although Pair 8 showed the expected effects, the strong negativity, activity, and potency found for the more threatening figure is likely because the visual representation may have been less successful than planned and may have been seen by many subjects as a threatening object (a spider).
Discussion
Although an extended discussion of these results would provide much useful detail, simple observation of the data presented in Tables 6 and 7 reveals how strongly these results support the major hypothesis. Study 2 extracted nonrepresentational forms from the facial features known to convey the meaning of threat, and the subjective response that they elicit clearly shows that the angular and diagonal configurations embedded within the threatening display create a sense of threat in the observer. Across the many forms used in Study 2, the more angular or diagonal pattern evoked a more negative, poThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tent, and active subjective reaction in the observer than did the more curvilinear pattern. The results presented in Table 7 can be explored in many additional ways in order to obtain important information about the effects of the orientation as well as of the shape of a visual form. For example, the threatening figure in Pair 6 could be compared with the nonthreatening figure in Pair 2 to test the effect of an angular form on the top of the head with a curvilinear form in the same position. Many other comparisons of this type are possible using these results. In addition, much interesting information is available by examining the profile of subjective response across composite semantic differential scales (both in the presence and magnitude of effects). Note that Pair 10, which compares a strongly curvilinear shape presented horizontally with the same shape presented diagonally, shows a significant but small difference on evaluation and no difference on potency and activity. Pair 5 presents the same contrast, but with a reduced degree of curvilinearity, leading to an apparently stronger subjective difference between figures. However, considering the number of possible post hoc analyses that these data permit, it seems best to leave more detailed examination for later research that will subject a few shapes to more systematic investigation.
The most interesting aspect of Study 2 is that it explored the nature of the information that can convey the meaning of threat. The primary visual configurations of angularity, diagonality, and curvilinearity examined in this study are quite different from the information that is customarily understood to convey the meaning of threat, for example, by eyebrows drawn down together, by threatening gestures, or by angry words. Study 2's results are most interesting because they demonstrate that visual features that are, presumably, content-free also possess the power to convey meaning to observers.
In considering the broader implications of these results, it is interesting to speculate that the mechanisms discussed here can help to explain a number of important questions: why individual components of a facial display all have the same ability to evoke discomfort, why certain gestures are used in socially learned display rules, and why certain features of the social context have the ability to convey threat. Thus, it is intriguing to consider whether certain articles of clothing, such as eyeglasses with diagonal orientations, may be used in the same way as pointed beards: to convey a sense of danger to the observer. It is exciting to hypothesize that studies (Efron, 1972 ) that contrast the angular hand gestures of members of one ethnic community with the curvilinear gestures of members of another may have identified another nonverbal channel that may evoke the same subjective meanings as are elicited by the facial presentations of these patterns. Perhaps some of the apparent variability in emotional expression that scholars such as Birdwhistell, Klineberg, and LaBarre have attributed to cultural influences can be understood to be the expression of these primary configural elements in different behavioral systems. Much further afield, it is tempting to wonder if painters and architects may use the same visual configurations as are found in facial displays to produce similar subjective responses in their audiences (Burgoon & Saine, 1978) .
These physical objects and body gestures seem distant from a facial display created by the neuromuscular pattern associated with anger, yet they all appear to be alternative forms of the visual configurations that we have described. However, such speculations exceed the scope of this study, it is useful to consider why these manifestations of angular and diagonal configurations appear to have the same capacity to evoke discomfort. These questions seem promising because they focus attention upon the hypothesis that a central mechanism may underlay at least this aspect of emotion recognition. Although highly speculative, it seems far more parsimonious to search for a single central mechanism that is associated with a feature common to many components of a facial display (as well as parallel configurations in nonfacial stimuli) than it is to expect that an array of signal detectors identify the separate components of a facial display. The results of this study may help to identify the range of physical and behavioral stimuli that produce similar emotional effects, thus directing attention to the features they hold in common and suggesting that their effects may be determined by a common central mechanism.
